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Abstract

Barrier islands shield the mainland coast from the effects of extreme storms such as
increased wave energy and storm surge. During these events, however, barrier morphology can be
altered by erosive forces. Thus, compromising the protection offered and leading to increased
impact on the mainland. The St. Joseph Peninsula, located in the Northwest of the Gulf of Mexico,
is one such barrier at threat from storm-induced erosion. Presented here is an assessment of
morphology change induced by two major storms to impact the peninsula, Hurricanes Dennis 2005
and Michael 2018. These changes characterize the erosive/depositional patterns that can be
expected from future major storms. Utilizing a numerical wave model, present-day and future
simulated erosive scenarios are modeled to investigate the protection offered by the barrier under
varying wave conditions. Significant wave height returns along the mainland coast are used to
assess the effects of barrier erosion on the mainland. A risk assessment for the coastal communities
is carried out using a weighted overlay analysis to rank and map vulnerable areas. The
morphological impact from the two hurricanes is found to be considerable, with Hurricane Michael
causing dune height reduction of up to ~6 m, over a million cubic meters of sediment eroded, and
barrier breaching. In comparison, Hurricane Dennis’s impacts were less severe and focused on the
protruding headland. Removing the barrier yielded increases in significant wave height, with a
minimum percent increase of 300% when testing complete removal of the barrier under maximum
wave conditions. The risk assessment identifies the communities on the mainland directly behind
the barrier to be at the highest risk, especially under simulated erosive conditions.

viii

1. Introduction

Coastal areas around the Gulf of Mexico every year contend with the severe effects brought
on by storms during the Atlantic Hurricane season in the summer months and Nor’easters in the
winter. In fact, between 2018-2020, there have been over 50 weather and climate disasters with
losses exceeding 1 billion dollars, making 2020 the 10th year in a row with 8 or more billion-dollar
disasters (Hurricane Costs, 2021). High winds, waves, and storm surge cause a variety of negative
impacts for coastal populations and infrastructure, such as flooding, erosion, and inundation. In
2000, an estimated 10% of the world's population lived in coastal zones with elevations of less
than 10 m above sea level, which are highly vulnerable to damage from waves and flooding
(McGranahan et al., 2007, as cited by Smallegan et al., 2016). However, the natural environment
along these coasts provides ‘built-in’ natural protection in the form of a barrier island, peninsula,
or spit systems and their associated bays/lagoons, dunes, and beaches. These unique environments
make up approximately 6.5% of the global coastline and act as the primary defense against major
storms (Stutz & Pilkey, 2001). As such, studying the effectiveness of these environments and what
factors either enhance or diminish the protection of the mainland located behind them is crucial.
There have been several studies along the Gulf of Mexico barrier island coast, stretching from
Texas to west Florida, aimed at understanding the relationship between storm-induced
hydrodynamic conditions and the effect it can have on the dynamic morphology of the natural
coastal environments. Claudino-Sales et al. (2008) studied the factors controlling the destruction
and survival of coastal dunes during multiple severe storm events along Santa Rosa Island. It was
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suggested that antecedent morphological characteristics and the intensity of the storm play an
influential role in the induced changes. Further, in contrast to prior studies, such as Sallenger
(2000), dune height was not found to be the dominant factor in their survival (Claudino-Sales et
al., 2008). Rather a range of interactive factors, including dune width, dune continuity, and
distance to the shoreline, was cited as controlling the outcome of the dune change (Claudino-Sales
et al., 2008). The height of the dunes and, more so, the foredunes (frontal dune) were typically
accepted as the metric for dune survival. A similar study conducted by Houser et al. (2008) on
Santa Rosa Island also noted that the controls on coastal dune morphology variation are not well
understood. Houser et al. (2008), however, suggests that these controls tend to be site-specific and
that at this location, along-shore dune morphology was controlled by the transverse ridges on the
inner-shelf and overall island width. A major benefit of this study was that it used airborne Light
Detection and Ranging (LiDAR), a mapping technology used to gather topographic and
bathymetric elevation data with high spatial density and coverage (Irish & White, 1998; Houser et
al., 2008). Other studies (Otvos & Carter, 2008; Claudino-Sales et al., 2010; Priestas & Fagherazzi,
2010; Eisemann et al., 2018; Wang et al., 2020) have made use of this technology in their
characterization of storm-induced coastal morphology change along the Gulf barrier island
systems.
After Hurricane Katrina in 2005, Otvos & Carter (2008) used post-hurricane LiDAR to observe
an extensive reduction in island area along the Mississippi-Alabama barrier island chain and an
unprecedented lowering in elevation of the highest beach ridges. A stand-out study with regard to
usage of LiDAR data was carried out by Eisemann et al. (2018), who took advantage of multiple
LiDAR datasets with entire island coverage to create a comprehensive understanding of island
evolution (i.e., island-wide spatial & decadal temporal scale), unlike prior studies already
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mentioned that only used two datasets and focused on specific areas. Understanding long-term
trends of island evolution in both fair weather and storm conditions is important for assessing
general morphological trends/conditions and preventing further diminishing of barrier protection.
A recent study by Kanwal et al. (2021) also sought to use available remote sensing data in order
to measure the stability of barrier islands in Pakistan in the context of coastal resilience. The
developed approach used in this study is designed to be applicable in any study area, particularly
developing countries with scarce data sources. The need for large-scale barrier island monitoring
was also addressed by Halls et al. (2018) through their automated remote sensing model, which
was used specifically to classify coastal geomorphology change across an entire barrier island.
Based on the model results, it was stated that urban development on a barrier severely reduces the
amount of overall island change experienced but causes shoreline and dune position to change
more rapidly as the natural processes are prohibited from moving sediment across the barrier. The
differences between impacts on developed and undeveloped barriers were extensively studied by
Dolan (1973) in the Outer Banks of North Carolina. The findings of his work suggest that when
the barrier is undeveloped and therefore less restricted, wave energy has more area to dissipate and
even deposit sediment (Dolan, 1973). Whereas on developed barriers the energy is not as
effectively dissipated as the waves are blocked from reaching the back-barrier and instead erode
the ocean-facing side of the barrier (Dolan, 1973).
Under extreme conditions, a barrier island or spit can undergo overtopping and eventual
breaching, severely reducing its effectiveness as protection to the mainland. The potential of a
breach occurring increases with sustained elevated water levels on one side of the barrier reaching
a critical elevation, in most cases the seaward side (Kraus & Wamsley, 2003). Storm surge and
high waves are common causes of elevated water levels. Conversely, breaching potential is
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reduced if the barrier is high, wide, and possesses sufficient sediment volume to resist the erosive
waves (Kraus & Wamsley, 2003). Noted by both Sallenger (2000) and Wang et al. (2006),
overtopping leading to overwash can also occur when storm surge elevations are lower than the
foredune height due to wave run-up; additionally, Wang et al. (2006) cites prolonged dune scarping
as a key factor in the overtopping process. This combination of erosive forces focused on higher
elevations (Sallenger, 2000) due to increased water levels and wave action on the beach has yielded
multiple instances of island overtopping. This was observed by Otvos & Carter (2008) on Ship
Island due to Hurricane Katrina, Priestas & Fagherazzi (2010) on St. George Island due to
Hurricane Dennis, and Wang et al. (2020) on St. Joseph Peninsula and Crooked Island due to
Hurricane Michael.
Often the exact water level elevation values are unknown and must be inferred where there is
no tidal gauge in the immediate area. This can make it difficult to precisely record the exact
conditions in which overtopping occurred and thus makes predicting of future breaching less
accurate. One possible solution for this, which was implemented by Wang et al. (2020), was to use
a 2D wave and current numerical model to simulate the storm waves with verified storm input
conditions for the area. The model feedback was able to report where the highest wave height,
including surge, and duration was experienced and see if that correlated to the location of the
known breach location (Wang et al., 2020). The authors concluded that the highest waves
coincided with the section where the breach occurred. This modeling solution is not without its
drawbacks though, van der Lugt et al. (2019) and Pezerat et al. (2021) both highlight in their
respective studies that creating models that predict exact morphologic change is extremely
complex. van der Lugt et al. (2019) cites that the uncertainty in hydraulic forcing, initial conditions,
and the parameterization of processes are major contributors to model prediction inaccuracy, while
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Pezerat et al. (2021) find that the model formulation itself does not replicate real-world conditions.
Over-dissipation of wave energy by depth-induced breaking results in underpredicted wave energy
in the nearshore, and therefore a correction coefficient was derived to account for this (Pezerat et
al., 2021).
The annual nature of the Atlantic Hurricane season means that the Gulf barrier islands are
in a prolonged state of post-storm recovery until the next event. Recovery can be impaired by
severe erosion and a reduction of longshore sediment supply preventing the barrier from returning
to its initial condition (Otvos & Carter, 2008). Understanding the full extent of the protective
capabilities that these barrier islands provide is then crucial. A study by Ulm et al. (2016) used a
numerical model, similar to the one used by Wang et al. (2020), to compare water level and wave
height returns along the mainland coast of the Tampa Bay area, with and without including Egmont
Key in the bathymetry of the model. Egmont Key is a barrier island that is located in the mouth of
Tampa Bay. Under the conditions of a completely diminished barrier island it was observed that
there was a significant reduction in mainland protection indicated by increased wave height along
the shoreline (Ulm et al., 2016). This methodology acts as a more sophisticated version of the List
& Hansen (1992) method, which also modeled the negative effects on the mainland environments
when barrier protection was removed by erosive forces in an effort to assess the value of a barrier
island. Going one step further, Passeri et al. (2015) suggest that taking into account the effects of
sea-level rise (SLR) and the subsequent shoreline change predictions is vital when modeling storm
effects on barrier islands. Although this study did not simulate removal of the barrier entirely, it
clearly demonstrates that if continual diminishing of the barrier island width is accounted for, due
to SLR or other conceivably factors, vulnerability to overtopping increases. These sensitivity
studies (List & Hansen, 1992; Passeri et al., 2015; Ulm et al., 2016) may act as a ‘worst-case’
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scenario since complete erosion of a barrier island is not likely to occur in the near future.
However, they provide critical long-term context for future impacts as well as demonstrate a clear
importance to continually monitor, assess, and maintain a healthy barrier island morphology so
that the worst-case scenarios do not become the present-day scenarios.
Several studies have attempted to bridge the gap between the physical, social, and economic
perspectives that revolve around the greater idea of coastal vulnerability (Barnard et al., 2019;
Bevacqua et al., 2018; Bukvic et al., 2020; Lins-de-Barros, 2017; Serafim et al., 2019). This strong
push to integrate the geophysical conditions that can be onset by storms with the potential socioeconomic risk to populations is aimed at providing a comprehensive understanding of vulnerability
for all coastal areas. Bevacqua et al. (2018) and Bukvic et al. (2020), in particular, recognize that
vulnerability is an evolving term that must be examined at all scales and that the techniques used
for assessment will always require refinement to produce the most useful results.
Under eroded morphological conditions, higher waves will propagate to the mainland, which
then triggers more severe shoreline erosion and damage to urban development. Thus, the main
research questions driving this study are 1) how much morphological change on the
island/peninsula system can be expected from major storms? 2) If the barrier has been heavily
eroded and storm-driven waves propagate to shore, how much less protection can be expected on
the mainland? 3) What areas are at the highest risk if affected by flooding and inundation within
these urban areas when higher waves break on the coast?
The objectives to address these questions are to 1) quantify the storm-induced morphology
change on the St. Joseph Peninsula, its protected mainland, and Mexico Beach in the North-West
Florida Panhandle (Figure 1.). This is carried out using available topographic/bathymetric
(topo/bathy) airborne LiDAR. The two major storms examined are hurricanes Dennis 2005 and
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Michael 2018, both of which made landfall near these locations, ~150 km and <20 km,
respectively. Hurricane Dennis also was a slightly smaller storm, being classified as a category 4
hurricane but quickly diminishing to a category 3. However, the forward-moving speed of the
storm was estimated at 7 mph, which means it had a fairly long time to impact the study area
despite its proximity. Hurricane Michael, on the other hand, was a larger storm increasing to a
category 5 just prior to landfall but was moving considerably faster at 13 mph. Thus, storm
conditions were not maintained for the same duration as Dennis. Initial comparisons will be made
between the effects of each storm on Mexico Beach, which is unprotected by the barrier, the St.
Joseph Peninsula, and lastly, areas behind the barrier on the protected mainland. Characterizing
overall morpho-dynamic change on the barrier peninsula itself will also serve as a benchmark for
comparing the protection offered by the barrier during the next section of this study.
These storms were chosen specifically as they are two of the most recent major storms to pass
through the study area; as such, they act as realistic metrics for expected morphology change. Due
to their differing characteristics, such as overall size, wind speed, forward-moving speed, and
distance to shore, this study can examine if there are any differences in impact based on the storm’s
characteristics. The amount of time that has passed between the occurrences of each storm also
ensures that the impacts from the earlier storm are not directly influencing the other.
2) Using modeled nearshore hydrodynamic conditions, wave heights can be inferred along the
mainland, and an assessment of barrier protection can be made. A nearshore spectral wave
transformation numerical model, Coastal Modeling System - Wave (CMS-Wave), developed by
the U.S Army Corps of Engineers (Lin et al., 2011), is used to simulate wave conditions for a
sensitivity analysis. The scenarios modeled are for various morphological stages of barrier erosion,
including complete removal, similar to List & Hansen (1992) and Ulm et al. (2016). The waves
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used in the model will be derived statistically from the last 15 years of recorded and modeled data.
This will allow realistic storm-induced waves specific to the study area to be used.
3) After the worst-case scenarios for mainland hydrodynamics have been established, use
Geographic Information Systems (GIS) to make an assessment of risk through a weighted overlay
analysis. Identifying high-risk areas will be based on the total population, likelihood to flood
during storms, and the critical infrastructure of the surrounding urban areas. These results will be
incorporated with the modeled nearshore wave heights to make further predictions about areas that
will be at risk from future erosion.
The goal of conducting these three analyses is to produce a logical, step-by-step narrative that
considers several aspects of studying storm impacts on the coast. The first step is aimed at
quantifying morphology change on the barrier which protects the mainland. This is a way to assess
what can be expected from future major storms by examining past impacts. Once the potential
morphologic impacts have been characterized, this study seeks to further explore exactly how well
the barrier protects the mainland both currently and under simulated future erosional conditions
by using a numerical wave model. The conditions used are based on the results from the
morphology assessment and also the current literature understanding of barrier erosion,
overtopping, and breaching. By also testing different wave conditions, the effectiveness of the
barrier under the various scenarios can be studied. After this step is completed, a more
comprehensive understanding of how the barrier and its erosional state affects the wave conditions
on the mainland coast lying behind it. This study then goes one step further to relate these findings
to the stakeholders living in communities along the coast by providing a risk assessment aimed at
highlighting the areas where population and essential infrastructure are most vulnerable and likely
to be affected by storm surge and wave impacts during storm events. This is done for present
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conditions but also additionally under worst-case conditions tested in the modeling section. By
including those findings in the risk assessment, it addresses areas that may be at future risk from
storms should the barrier become severely eroded. Identifying these vulnerable areas will be useful
for agencies tasked with ensuring protective measures are in place.
It is acknowledged by this study that each of the three main analyses carried out and discussed
is only intended and able to address the essential aspects of each topic. Each individual analysis is
capable of being studied to a greater depth and degree of intricacy than this study intends to
accomplish. The subjects explored are innately extremely complex, and based on time and resource
limitations, this research can only assert that it has examined the crucial aspects of each study but
not all possible facets.
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2. Study Area

The study area (Figure 1.) lies within the greater northwest Florida barrier island chain in
the Gulf of Mexico. The western edge of the study area starts along Crooked Island and Mexico
Beach. These areas are both located directly along the mainland coast. Crooked Island is a pristine
beach area with no development, while Mexico Beach is a medium-sized coastal community with
a developed beach. Mexico Beach also has roughly 1,386 residents based on estimates from 2019
(US Census Bureau, 2019a). South-east of Mexico Beach is the protected mainland coast along
which the city of Port St. Joe is located. Port St. Joe is the largest city within the study area and
hosts about 3,488 residents, based again on estimates from 2019 (US Census Bureau, 2019b). This
city also has a commercial shipping port that is protected by a 1900 ft bulkhead (Port of Port St.
Joe, Florida, 2021). Other coastal areas near the city have coastal armoring in the form of riprap.
Directly west of the city lies the Saint Joseph Bay, which is approximately 10 km wide at its
maximum and separates the mainland from the St. Joseph Peninsula. The bay’s only opening is to
the north and has no freshwater input from rivers, and therefore no sediment supply from the
mainland. This is atypical for the area as most bays in the Northwest of Florida support an estuary
environment. The peninsula stretches roughly 25 km from its northern tip all the way to Cape San
Blas in the south and acts as a barrier for the bay and mainland coast. The southern half of the
peninsula supports several coastal communities, the largest of which is Cape San Blas, located on
a protruding headland and lies at the southern edge of the study area. The communities in this area
have a population totaling less than 500 people.
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In terms of geologic setting, the peninsula itself started forming ~5000 years ago with the
rate of rising sea level slowing, which allowed for a cuspate spit to begin growing (Stewart &
Gorsline, 1962). Sediment was transported via longshore currents from the Apalachicola River to
the East and deposited on the growing spit as well as the bay itself that was being formed
simultaneously (Stewart & Gorsline, 1962). Presently the St. Joseph Peninsula maintains a variety
of sub-environments, with predominantly beach and dune systems on the oceanside, while tidal
flats and marshes have developed on the bay side of the landform (Ahmad, 2012). The main
geologic formations making up the peninsula and surrounding mainland are undifferentiated
quaternary sediments (Qh & Qbd), more specifically from the Pleistocene and Holocene epochs
(FDEP, 2021b; USGS, 2021). The composition of these sediments is predominantly quartz sand
and biological carbonates in the form of shell debris (Stewart & Gorsline, 1962).
The typical tidal conditions in the Northwest of Florida are diurnal with a microtidal range
of less than 0.5 m, based on measurements from NOAA tide stations 8728690 & 8729210 located
in the mouth of the Apalachicola River and Panama City Beach, respectively (Wang et al., 2020).
The typical wave heights found in the study area are also relatively low, measuring roughly
between 0.3 m and 1 m, which is reflective of the fact that this area is a low energy environment
under everyday conditions (Gorsline, 1966).
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Figure 1. The greater study area, showing hurricane track, landfall location, water level gauges, and beach profile
locations. Names of key locations and features are included. The track of Hurricane Dennis lies off this map, towards
the west.
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3. Methods

The methods are organized into three sections, each focused on one main area of this
study. The first section details the procedures for the hurricane-induced morphology assessment.
The second section deals with the wave modeling carried out, and the third section is concerned
with the techniques and data used to carry out the coastal risk assessment.

3.1 Hurricane Morphology Impact Assessment

3.1.1 LiDAR Data & DEMs

LiDAR is an airborne remote sensing method used in mapping and to accurately measure
distances to the earth in order to generate three-dimensional information about the shape and
characteristics of its surface (National Oceanic and Atmospheric Administration, 2021b). Its usage
in the coastal environment is optimal as this technology is able to provide accurate topographic
and bathymetric elevation data with high spatial coverage and sampling density (Houser et al.,
2008). Post-storm LiDAR data for the study area were collected immediately after each storm
event, July 2005 and October 2018, for Hurricane Dennis and Michael, respectively. Pre-storm
LiDAR data were collected from the earliest available dataset prior to the storm, April – September
2004 and April – May 2017 for Hurricane Dennis and Michael, respectively. (Table 1.)
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Table 1. List of LiDAR datasets, their dates of collection, and sources.

Date
Collected
April –
September
2004

July 2005
April – May
2017
October 2018

Collected by

Source

US Army Corps of Engineers
OCM Partners, 2021: 2004 US Army Corps of
(USACE) Joint Airborne Lidar
Engineers (USACE) Topo/Bathy Lidar: Alabama,
Bathymetry Technical Center of
Florida, Mississippi and North Carolina,
Expertise (JALBTCX) CHARTS https://www.fisheries.noaa.gov/inport/item/50049.
system
OCM Partners, 2021: 2005 USACE PostUSACE JALBTCX CHARTS
Hurricane Dennis Topo/Bathy Project, Alabama
system
and Florida Coasts,
https://www.fisheries.noaa.gov/inport/item/50055.
Northwest Florida Water
OCM Partners, 2021: 2017 NWFWMD Lidar:
Management District
Lower Choctawhatchee,
(NWFWMD)
https://www.fisheries.noaa.gov/inport/item/55725.
OCM Partners, 2021: 2018 USACE FEMA PostUSACE FEMA JALBTCX
Michael TopoBathy Lidar: Florida Panhandle,
https://www.fisheries.noaa.gov/inport/item/54682.

Using these LiDAR datasets, the morphological changes induced by both Hurricanes
Dennis and Michael were quantified through shore perpendicular (cross-shore) dune/beach
profiles, shore parallel (along-shore) frontal dune profiles, and volume change calculations
coupled with a cut & fill analysis to visualize the distribution of sediment volume within the study
area.
The pre and post-Hurricane Dennis datasets were accessed for download from the National
Oceanographic and Atmospheric Administration’s (NOAA) Data Access Viewer website (NOAA,
2021). The point cloud files were downloaded in the LAS format and in the NAD 1983 StatePlane
Florida North FIPS 0903 (Meters) horizontal coordinate system. North American Vertical Datum
of 1988 (NAVD88) was also chosen as the reference vertical datum for the recorded elevation
values, also given in units of meters. ArcGIS Pro version 2.8.1 was used to process the point cloud
files (Esri, 2021a). First was to combine all the LAS files provided for both pre and post-storm
into a single LAS dataset by using the Create LAS Dataset tool. Due to the age of the data, the
LiDAR point classification system was not able to be applied before download; thus, the bare earth
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and bathymetry returns needed to be extracted for the purposes of this study. Using the Classify
LAS Ground tool, the points clouds were classified and verified visually using satellite imagery to
ensure points did not appear on buildings, vegetation, or other surfaces that would give an
undesired return. After classification, the point clouds were interpolated using a binning algorithm,
which assigns cells a value based on an average of the points that lie within the cell resulting in a
2-dimensional raster elevation surface with a grid resolution of 3x3 m2. This grid size was chosen
because it is the maximum resolution allowed by the Data Access Viewer website if the option to
have them perform the interpolation is selected. As such, this resolution was also used to perform
the interpolation independently. The DEMs were spatially clipped to the extent of their point cloud
files as the interpolated surface outside the bounds of where data was collected could not be trusted.
The newly created raster surfaces or Digital Elevation Models (DEMs) were saved in the GeoTiff
format.
The pre and post-Michael datasets were acquired using the same methods and parameters
as the Hurricane Dennis datasets were. However, as these datasets are more recent, the LiDAR
point classification system was able to be taken advantage of, and only the ground and bathymetric
returns were selected for download. With newer datasets, the interpolation to a raster grid can be
carried out prior to downloading the files. The resolution of the downloaded GeoTiff format DEMs
for Hurricane Michael also improved to a 1x1 m2 grid size. Similarly, the two datasets were
comprised of several individual files and needed to be combined into one layer. The Mosaic to
New Raster tool was used to accomplish this.
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3.1.2 Digital Elevation Models

Analysis using the DEMs included cross-shore and along-shore transects, elevation
difference maps, sediment volume change calculations, and a cut & fill analysis. In the transect
analysis, the profiles extracted used the full extent of the seaward DEM coverage to capture as
much of the bathymetry as possible. However, due to differences in geographical extent between
datasets, especially in the bathymetry coverage, when quantifying the volume change induced by
the hurricanes, only the maximum overlapping area of coverage could be used. This is a major
downside to this methodology because you can be limited severely by the LiDAR dataset with the
least spatial extent. Figure 2. shows the available DEM coverages corresponding to each dataset.

3.1.3 Beach Transect Analysis

Due to the size of the study area, three smaller sections were demarcated for the purposes
of this study: Mexico Beach and Crooked Island (MBCI), northern St. Joseph Peninsula (NSJ),
and south St. Joseph Peninsula (SSJ). These sections include areas of pristine beach as well as
areas that have heavily developed beachfront communities. Each profile was generated by creating
a line feature in ArcGIS Pro and extracting elevation data along that line from the desired pre or
post-DEMs using the Stack Profile tool. The tool outputs values for position along the line and
elevation at that position (x & z), which can then be plotted on a graph. The resolution of the cell
grid dictates how often an elevation value can be extracted; every 3 m for the 2004-2005 datasets
and every 1 m for the 2017-2018 datasets. The pre and post profiles for each hurricane were plotted
on the same graph.
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Figure 2. The extent of coverage for each processed DEM, 2004, 2005, 2017, 2018. The two earlier datasets have
been clipped to maximum overlapping coverage, while the 2018 DEM will be clipped to the shape of the 2017 DEM
prior to calculating volume.

The begging of each cross-shore profile (0 m) is intended to begin behind the dune field
or, if it is too wide to include, start where no hurricane-induced change has occurred. The shore
perpendicular line features are drawn to the extent of the larger of the two DEMs being compared.
When there is a substantial difference in extent, such as in Panel B, portions of the line are excluded
where no comparison is possible, 500 m in this example. For shore parallel line features, the extent
is determined subjectively on a case-by-case basis of each dune section examined. Based on the
convention used to mark pre and post-storm profiles, when a portion of the red line is on top of the
black line, it means sediment deposition (accretion) has taken place. This can be seen in Panel B
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of Figure 3. approximately 200 m along the x-axis. In the same panel at 400 m along the x-axis,
the opposite can be seen, erosion of the frontal dune in this case. The same convention applies to
the along-shore graphs; for example, in Panel D the entirety of the frontal dune was eroded.

Figure 3. A sample of transect analysis for both cross and along-shore profiles. Panels A and C show the profile lines
on top of aerial imagery. Panels B and D shows the profiles in their cross-sectional view. The aerial images used were
taken after Hurricane Michael.

A total of four cross-shore profiles and four along-shore profiles were extracted in each
section and for each hurricane. The cross-shore profiles aim to capture the elevation differences
from the dune field to the nearshore. While the along-shore profiles examine the changes in frontal
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dune shore perpendicular position and shore parallel connectivity. For Hurricane Michael, two
smaller sites were examined, the first due to the breach occurring on the peninsula and the second
to examine storm impacts on the beach/dune system on the mainland coast behind the barrier. The
stretch of coast examined lies between Windmark Beach and Port St. Joe (WB-PSJ); see Figure 1.
The final site is only assessed for Hurricane Michael due to limitations in DEM coverage from
2004 and 2005. To determine appropriate representative locations for the transect line features, an
elevation difference surface was generated. Using the Raster Calculator tool, the pre and post
elevation surfaces were subtracted from each other on a cell-by-cell basis. The resulting raster
difference surface allows for easy identification of elevation change trends and thus the areas that
experienced storm-induced sediment erosion or accretion.

3.1.4 Volume Change Calculations

To calculate the storm-induced sediment volume change, first, the vertical reference datum
for the DEMs was converted from NAVD88 to mean high water (MHW). Correction values were
obtained using NOAA’s VDatum Transformation software (National Oceanic and Atmospheric
Administration, 2021a). Several values along the shoreline of the study area were averaged,
yielding an elevation of MHW to be 0.206 ± 0.01 m below NAVD88. Therefore, all elevation
values were converted to MHW by subtracting 0.206 m from each cell. Once the MHW reference
plane was established, the separation of topographic sediment volume and bathymetric sediment
volume could be made during calculation, which is essential when using this method (Buijsman et
al., 2003; Eisemann et al., 2018). Without the separation, total sediment volume change could not
be calculated as there are different approaches used to calculate topographic versus bathymetric
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sediment volume. The bathymetric volume calculation relies on indirectly calculating volume
change based on water volume under the MHW plane between datasets, so if the topographic and
bathymetric volumes are not separated, the method will not work as intended. Prior to the volume
calculations, the DEMs that were converted to reference MHW had to be further clipped to exclude
all urban environments that may distort the results. Only the dune field, beach, and nearshore
environments were included.
Using Eq. (1) and Eq. (2), sediment volume above and below the MHW line were
calculated before and after each storm, respectively (Figure.3). The calculation was done using the
Surface Volume tool in ArcGIS Pro, which allows the volume to be calculated from a DEM above
or below a specified plane.
V topo = ∑Z topo dx dy

(1)

Where Vtopo represents the volume of sub-aerial sediment in m3, Ztopo is the elevation value
of each cell referenced to MHW; these values will always be positive. dx dy is the area of each
grid cell, 1x1 m2 for the Hurricane Michael rasters and 3x3 m2 for Hurricane Dennis rasters.
V bathy = ∑Z bathy dx dy

(2)

Eq. (2) follows the same scheme as Eq. (1) except that the volume of sediment is being
calculated indirectly by calculating the volume of water above the seafloor. Therefore, Vbathy
represents the volume of water in m3, and Zbathy represents the depth values (given in elevation) in
each grid cell; these values will always be negative. The dx dy values remain the same.
To calculate the sediment volume change between the pre (T1) and post (T2) elevation
DEMs Eqs. (3) and (4) are used:
ΔV topo = V1topo – V2topo

(3)

ΔV bathy = - (V2bathy – V1bathy)

(4)
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Topographic sediment volume change is calculated by subtracting V2topo at time 2 (T2)
from V1topo at time 1 (T1). Similarly, the bathymetric sediment volume change is calculated as the
negative difference of V2bathy at time 2 (T2) and V1bathy at time 1 (T1) (Figure 4.).
Finally, to calculate the total change in volume for both topographic and bathymetric sediment
between the DEM surfaces from before and after the storms, Eq. (5) is used:
ΔVtotal = ΔVtopo + ΔVbathy

(5)

Along with the volume change calculations, a cut & fill analysis was carried out using the
pre and post-DEMs. The areas and volumes of surface material that changed between the two time
periods are recorded. The generated map is used in tandem with the volume change calculations
to show the sediment distribution spatially. The volumes and areas generated by these two analyses
are limited to the maximum extent of the overlapping coverage offered by the DEMs. Therefore,
the bathymetric volume change is limited to the available coverage is in the nearshore, which is
not consistent between the datasets. The LiDAR missions flown for the purpose of post-storm
assessment aim to have greater coverage in the offshore, whereas the datasets used to establish
pre-storm conditions were not flown for the same purpose.

3.1.5 Accuracy & Errors

The LIDAR datasets used to capture the changes induced by Hurricane Dennis have
vertical and horizontal errors reported in the metadata. The 2004 LiDAR reported an accuracy of
±0.15 m root mean square error (RMSE) for both vertical and horizontal measurements. The point
density is reported as one point per 1.1 m2 for this dataset. It is also noted in the metadata that the
accuracy of the data has not been tested, but rather the accuracy of the methodology is what has
been reported. The 2005 LiDAR had a ±0.75 m and ±0.2 m accuracy for horizontal and vertical
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measurements, respectively. The point density offered by this dataset is one point per 1.3 m2, with
reported ground-truthing data being accurate to within 0.20 m. Both DEMs derived from this data
are interpolated to 3x3 m2 cells; the errors due to the interpolation on the elevation value of each
grid cell have not been calculated.

Figure 4. A conceptual model for calculating volume change between two DEM surfaces. (A) shows both pre and
post profiles while (B) highlights the area where change has occurred.

The quality of the LiDAR accuracy has seemingly improved for the latter two datasets,
possibly owing to improved collection and processing with more stringent testing of the data. The
2017 LiDAR reports a horizontal accuracy of ±0.350 m (RSME for X values) and ±0.250 m
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(RSME for Y values). The vertical accuracy is reported at ±0.05 m for non-vegetated areas. The
point density for this dataset is one point per 0.49 m2. All accuracies above correspond to actual
accuracies obtained from testing the dataset and not the reported accuracies that were recalculated
to the 95th percentile confidence level as per requirements of the Society for Photogrammetry and
Remote Sensing’s (ASPRS) ‘Positional Accuracy Standards for Digital Geospatial Data’
implemented in 2014. The metadata for the 2018 LiDAR only reports the accuracies at the 95th
percentile confidence level with values of ±1 m and ±0.2 m for horizontal and vertical,
respectively. Point density is reported as one point per 0.7 m2 over bare earth and shallow waters,
while a density of 1 point per m2 for deeper water. Again, both DEMs derived from this data are
interpolated to 1x1 m2 cells; the errors due to the interpolation on the elevation of each grid cell
have not been calculated.

3.2 Wave Field Modeling Assessment

3.2.1 Collecting Wave Data

Assessing the wave conditions onset by extreme storms and how they interact with the
complex bathymetry in the nearshore of the study area is necessary for understanding the response
on the shoreline. As no long-term wave monitoring equipment is deployed within the study area,
wave conditions were extracted from the global wave model WAVEWATCH III (Tolman, 2014).
The extractions were carried out using the ‘NCTOOLBOX’, which was run in MATLAB version
R2020A (The MathWorks Inc., 2021). Before the extracted nearshore wave conditions could be
used in the model, an assessment of their accuracy was first carried out.
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Similarly to Cheng & Wang (2018) and Wang et al. (2020), the modeled WAVEWATCH
III (WWIII) wave conditions were compared to the measured wave conditions obtained from
NOAA’s National Data Buoy Center (NDBC). A deep-water wave monitoring buoy, Station
42039, located approximately 63 nautical miles SSW of Cape San Blas in 271 m water, was the
closest station to the greater study area. Since this study is interested in the wave conditions during
storms, the two time periods downloaded for verification from the NDBC gauge were July 2005
and October 2018, corresponding to Hurricanes Dennis and Michael, respectively. WWIII
computed data from the same time periods and location as the buoy was also extracted; thus, a
comparison can be made under storm conditions.
Figure 5. shows the comparison of significant wave height, wave period, and wave
direction for the two time periods and demonstrates a moderately strong agreement between the
data. A linear regression analysis was carried out on the modeled and measured wave heights and
periods to further assess the level of agreement between them. R2 values of 0.89 and 0.61 were
calculated for wave height and period observed in the 2005 data. While for the 2018 data, wave
height and period R2 values were 0.99 and 0.93, respectively. A likely reason for the higher R2
values in the 2018 data could be due to model improvements made over the 13 year period that are
not reflected in the earlier archived data. The most recurring difference observed is that the
modeled wave heights and periods underpredicted the measured values. Wang et al. (2020) suggest
this may be due to an underestimation of the contribution from distal swells. In order to correct for
this, a multiplier of 1.2 was applied to all the wave height and period data used in this study. The
correction factor was obtained from the regression analysis conducted. A similar technique was
implemented by Cheng & Wang (2018), where a similar factor was found. It should be noted that
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during Hurricane Michael, station 42039 stopped working during the peak of the storm, and
subsequent data was not available.

3.2.2 Nearshore Wave Modeling

CMS-Wave, a nearshore numerical wave model developed by the U.S. Army Corps of
Engineers, was then constructed within the Surface-water Modeling System (SMS) software
package version 13.0 to propagate waves to the nearshore environment under varying
bathymetric/topographic conditions (Aquaveo, 2021; Lin et al., 2011). The modeling domain was
aimed at covering the entire study area spanning approximately 80 km in an east-west direction
and starting about 35 km offshore from the headland located in Cape San Blas. The reason for the
modeling domain to extend so far offshore is twofold, one, to include the complex bathymetry
associated with the headland, and two, that the WWIII is more reliable when computed in offshore
depths. The model grid was created with a 35 m x 35 m cell size to maximize the resolution of the
model output while allowing for reasonable processing times.
Five spectral, or wave input, stations were created at the bottom of the modeling domain,
and the coordinates of these points were used to extract the computed WWIII data at those
locations via MATLAB. The same toolbox was used for these extractions as was used in the
comparison of measured and modeled waves mentioned previously. All wave data from February
2005 to May 2019 was downloaded at each point and corrected using the factor derived previously.
For each station, a series of 3 statistical waves were computed from the downloaded wave data.
Based on the significant wave height, the value at the 95th percentile, the averaged height from the
highest five waves experienced during the time period, and the maximum wave. The spectral data
for these waves were input to the modeling stations. As the latter two statistical waves are intended
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to mimic conditions during an extreme storm relevant to the study area, storm surge height was
included during the model set up based on measured values obtained from past storms. Therefore,
the modeled significant wave heights are inclusive of storm surge.

Figure 5. Comparison of NDBC measured and Wavewatch III modeled wave data during Hurricanes Dennis and
Michael. All three wave parameters, significant wave height, period, and direction, compare fairly well.

In order to test the effectivity of the barrier’s protection, five different topo/bathy datasets
were interpolated into the modeling grid representing present-day conditions and scenarios of
erosion, including removal of the barrier (See Figures 21. To 25.). The topo/bathy datasets
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comprised of raster DEMs mosaiced together from offshore bathymetry data obtained from the
Coastal Relief Model and the most current LiDAR-derived DEM from section one of this study
(NCEI, 2021). The scenarios of erosion were manually created with the Pixel Editor tool in ArcGIS
Pro by altering the DEM representing present-day conditions. In each of the in-between scenarios,
a breach was introduced to the barrier island at the section of the island where the island width was
narrowest, as well as having relatively low-lying dunes and or disconnected dunes compared to
the surrounding areas. Meaning that for the penultimate scenario, three breaches were present in
the model bathymetry. It is imperative to keep in mind that these simulated breaches do not
represent definite future areas that will breach, nor are they accurate predictions of such; no
morpho-dynamic modeling was done in this study. The breaches’ locations are chosen based on
primary overall controls on barrier beaching based on the literature for the purpose of studying the
effects of significant wave height along the shoreline behind the barrier.
In order to compare the values of significant wave height between the five topo/bathy
scenarios, 25 observation points were set along the shoreline of the study area. The points are
spaced approximately 1-2 km apart in areas that are more developed and 3-4 km for less developed
areas. The points are also placed between 100-150 m offshore for consistent model results. After
each model run, the significant wave height values were extracted. See Figure 6. for the wave
observation station locations.
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Legend
Simulated
Breach

Figure 6. Map showing the locations of the wave observation stations along with the simulated breach locations.

3.3 Coastal Flood Risk Assessment

3.3.1 Assessing Risk

Although there is an emphasis on current and future morphology change induced by
extreme storms, the potential impact on the regional population and infrastructure cannot be
ignored. Therefore, identifying areas that are likely to be impacted by storm flooding, which would
have detrimental consequences for the community, is crucial. In other words, simply identifying
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areas that are likely to flood is not enough; this must be coupled with prioritizing locations that
could potentially cause the most harm if flooded. Incorporating the results from the wave modeling
section of this study allows for not only current high-risk areas to be identified but potential areas
in the future, depending on how effectively the erosion is managed.
The integration of current and future vulnerability of coastal areas by local governments is
also heavily encouraged by the Florida Coastal Management Program, which is managed by the
Office of Resilience and Coastal Protection (FDEP, 2021a). Further, in 2015 then governor, Rick
Scott, implemented Florida senate bill SB 1094, “An act relating to the peril of flood” to help
bolster consideration and comprehensive planning for future risk of storm surge and sea-level rise
by local government (ECFRPC & TBRPC, 2017).
The methodology implemented to locate and prioritize areas with high-risk potential is the
weighted overlay method. This is a commonly used analysis for solving problems with multiple
criteria, such as site selection and suitability models (Esri, 2021c). The approach implemented by
this study is adapted on the basis of literature survey (Imaduddina & Subagyo, 2014; Espada et al.,
2017; Roslee et al., 2017; Falguni et al., 2020) and the specific needs of this study. The general
workflow of the methodology used can be seen in Figure 7.
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Figure 7. Flowchart outlining major steps to produce a weighted overlay map.

3.3.2 Data collection

Data was collected directly from the Gulf County Emergency Management program and
Esri’s 2021 Key Demographic indicators database (Esri, 2021b; Gulf County, 2021a). Table 2.
summarizes the data extracted and used in the weighted overlay function and Figure 8. shows each
dataset represented on the map prior to the weighted overlay.

Table 2. Factors used in the weighted overlay function and their data sources.

1
2
3
4
5
6

Factors of Risk Assessment
Total Population
Storm Surge Zone
Distance to Critical Facilities
Distance to Secondary Critical Facilities
Distance to Evacuation Route
Distance to Secondary Evacuation Route

Data Source
2021 Key Demographics Indicators (Esri) via Enrich tool
Gulf County Emergency Management
Gulf County Emergency Management
Gulf County Emergency Management
Gulf County Emergency Management
Gulf County Emergency Management
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The total population was ascertained by creating a shape file with polygons covering the
urban areas within the study area that the population resides. Once the shapefile is created, the
Enrich tool is used to extract data from the Esri total population database, and a total population
count is assigned to each polygon. This method deviates from the typical approach of using Census
Block Groups available from the U.S. Census Bureau to obtain total population data for smallscale applications. Block Groups (BG) are statistical divisions of census tracts that are intended to
contain between 600 and 3000 people; however, since the population density is so low within the
study area, many of the blocks are very large in order to meet the minimum number of people
required (US Census Bureau, 2021). Consequently, during analysis, if these BG polygons were
used, a large amount of area would be classified as having a certain population residing there when
in fact, the population is concentrated in one area within that BG polygon. Thus, by creating
smaller polygons that only cover the populated areas, the same effect is achieved, and less area
will be incorrectly classified. This method also allows for the focus to be placed on the more
susceptible coastal communities while the inland communities can be ignored. A more manual
approach was required to implement this methodology but based on the size and population of the
study area, it was viable.
A shapefile with storm surge zones denoted by a series of polygons was used as a metric
for areas likely to flood during a hurricane. The zones are based on simulations done by the Sea,
Lake, and Overland Surges from Hurricanes (SLOSH) model. In simplistic terms, this model
simulates storm surge from a large number (on the scale of hundreds of thousands) of hypothetical
hurricanes under various conditions and generates a map of areas likely to be flooded based on
their ground elevation (Zachry et al., 2015). The zones are broken into five categories (1-5), each
corresponding to hurricane categories based on the Saffir-Simpson scale. As such, the value of the
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polygon will indicate the category of the hurricane that would cause storm surge flooding for that
location.
The critical facilities layer was obtained by extracting facilities marked as such by the
county from their facilities layer, which contained all facility sites in the county. All of the sites
marked as critical were categorized by the sub-type “Emergency Response and Law Enforcement”.
A separate point layer was created for these sites. For the purposes of this study, another layer of
“Secondary” critical facilities was extracted from the facility sites layer to include sub-types that
would prove critical in post-storm recovery. See Table 3. for the other sub-type categories included
in this layer. Each category included is an essential need for the population of an affected area.

Table 3. The types of facilities that are classified as critical and secondarily critical.

Critical Facilities (Sub-Type)

Secondary Critical Facilities (Sub-Type)

Emergency Response and Law Enforcement

Education
Energy
Health and Medical
Water Supply and Treatment

The evacuation route layer included was yet another layer obtained from the county itself
and marks the roads and streets that are to be used should an evacuation be called by authorities.
Similarly, to the critical facility layers, for the purpose of this study, an additional ‘Secondary’
evacuation routes layer was included. This is mainly due to the way that evacuations routes are
defined; in order to be classified as an evacuation route, the road itself must lead out of the county.
Therefore, some roads are not able to be classified as an evacuation route but, in essence, act as
such because they are the only road leading in or out of a populated area near the coast. These
roads eventually connect to evacuation routes, but they themselves are not considered by definition
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evacuation routes. The opinion of this study is that whether or not a road leads out of the county if
it is the sole road that must be traveled to leave a coastal community, it should be treated as a
secondary evacuation route. Thus, two additional roads are included in the layer, SR 30-E, the only
road connecting the St. Joseph Peninsula to the mainland, and an additional stretch of US Highway
98 that allows the population of Mexico Beach to evacuate the coast and move inland. The latter
of the two roads is noted to be part of both the neighboring Bay County as well as Gulf County.

3.3.3 Weighted Overlay

In combining these layers in the weighted overlay analysis, the goal is to identify high-risk
areas that include the factors highlighted in each layer. This study considers the population of an
area, the general likelihood of that area to flood during a storm, the critical facilities that are needed
to provide necessary services, and the roads needed to leave the areas if evacuation is required.
The higher the layer weighting and spatial overlap between the layers, the more risk is assigned to
that location.
Further processing of the layers was carried out to prepare them for the weighted overlay
analysis. Since proximity to the features is required for layers three to six of Table 2. the Euclidean
Distance tool was implemented to generate a raster in which the cell values represent the distance
from the features in the input layer.
After which, all six layers were reclassified to adhere to the ranking system used for this
study, see Figure 9. This analysis implements a 1 - 5 ranking system similarly to Falguni et al.
(2020) and Imaduddina & Subagyo (2014), in which the higher the rank, the more risk or
vulnerability is associated; see Table4. The population is ranked by the total number of persons
residing in a given location, and the storm surge layer was reclassified so that the more likely an
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area to flood is, the more risk is associated with it. Therefore, the original scale was flipped during
reclassification. For all of the layers based on proximity to certain features, each rank carries a 1
km distance from feature increase. Meaning the area within 1 km of the feature carries a rank of
5, between 1 km and 2 km carries a rank of 4, and so on. There is no standard in the literature to
determine risk by distance to a feature, but 1 km divisions were chosen for this study to
accommodate for the relatively sparse layout of the communities, consistency among each of the
layers, and to identify areas of risk more broadly.

Figure 8. Individual maps showing the layers used in the weighted overlay analysis prior to reclassification.
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Table 4. Ranking scheme for overlay analysis.

Rank
1
2
3
4
5

Classification
Minimal Risk
Minor Risk
Moderate Risk
Significant Risk
Severe Risk

After reclassification, the layers were used as inputs for the ‘Weighted Overlay’ tool. The
tool parameters were adjusted to output the same ranking system as the input layers. The assigned
weights were also applied to the input layers as an additional way of influencing the priority or
importance of the layers. This results in the overlapping areas being identified, ranked, and then
additionally weighted by the layer's significance. The assigned weights are shown in Table 5. The
emphasis is placed mostly on the number of persons residing in an area, then on the likelihood of
the area to flood, while the distance to facilities and evacuation routes carries less weight.
A second ‘Weighted Overlay’ analysis was run, including the wave height results of the
worst-case scenario from the modeling section of this study. The wave heights were ranked on the
same 1 - 5 scale as the other input layers. The ranks were based on their relative height to each
other and broken into five equal separate wave height groups. The ranks were added to the attribute
table of the observation station layer, and a 1.15 km buffer was added to each point to show the
extent that the increased water levels and waves could penetrate the mainland. The distance of the
buffer was obtained by measuring the mainland penetration of storm surge and waves from the 5th
modeling run, as well as observed water levels from Hurricane Michael. For this purpose,
Hurricane Michael is only being used as a metric for what can be expected from an extreme storm.
Based on known wave heights along the shore and inland high water markers obtained using the
USGS Flood Event Viewer, a reasonable estimate of inland penetration distance can be made for
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the severity of the storm (U.S. Geological Survey, 2018). Both modeled and observed distances
were approximately 1 km, with the additional 150 m added to compensate for the distance of the
observation station from the shoreline. Buffers were added to the points, and they were reclassified
so that each buffer region carried its rank as the value (See Figure 10.). The layer was then
converted to a raster format and input as another layer in the weighted overlay. The ratio of weights
was maintained but altered to include the modeling results, which were weighted the same as the
storm surge layer.

Table 5. The weighting scheme used in the overlay analysis.

Factors of Risk Assessment
Total Population
Storm Surge Zone
Distance to Critical Facilities
Distance to Secondary Critical Facilities
Distance to Evacuation Route
Distance to Secondary Evacuation Route

Assigned
Weight
%
40%
30%
10%
5%
10%
5%
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Figure 9. All reclassified layers used in the weighted overlay. Panel (A) is the total population layer, Panel (B) is the
storm surge zone layer, Panels (C & D) are the critical facility and secondary facility layers, and Panels (E & F) are
the evacuation and secondary evacuation routes.
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Figure 10. Wave observation stations with their 1 km buffer regions (Panel A) and the reclassified buffers (Panel
B). Based on the wave height returns, no stations were classified as rank 3.
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3.3.4 Facility to Shoreline Proximity and Road Elevation

Although not associated directly with the weighted overlay assessment, additional analyses
were carried out to provide additional relevant information about the features used, in particular
the facilities and evacuation routes. The distance of all the facilities to the shoreline is calculated
and summarized. The distance to the shoreline was calculated using the Near tool and a shoreline
layer, where each distance represents the shortest direct line from feature to feature. The shoreline
file was obtained from the NOAA Shoreline Data Explorer (National Geodetic Survey, 2011).
Additional shoreline digitizing was needed along the bay; this was carried out manually at a 1:5000
scale.
For the evacuation routes & secondary evacuation routes, the Stack Profile tool was
implemented to obtain road elevation values every meter along the road using the most recent
DEM, 2018, as an elevation source. The minimum, maximum, average, and standard deviation
were subsequently calculated along certain sections of roads examined. Note that majority of the
evacuation routes were not included as they reside inland; this analysis was focused on the coastal
sections.
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4. Results

The results are organized in the same fashion as the methods, and the findings are
reported section by section in the order previously utilized. The results for morphological change
induced by each hurricane are presented per hurricane in chronological order. Then the results
from the wave modeling section are reported, which include the modeled wave fields for each
simulated erosive scenario and the predicted wave heights predicted along the coast. Lastly, the
risk assessment maps along with facility proximity and road elevation tables are presented.

4.1 Hurricane Morphology Impact Assessment

4.1.1 Hurricane Dennis - Transect Analysis

The transect analysis conducted to demonstrate the morphological changes induced by
Hurricane Dennis yielded various findings. Figure 11. shows cross-shore and along-shore transects
extracted in the MBCI area, and the majority of the transects indicate that predominantly accretion
of sediment occurred on both Crooked Is. and Mexico Beach. The accretion of sediment in this
section was seen through an increase of ~0.5 m in elevation in certain locations but mainly across
the frontal dune line. In Panel A (Figure. 11), accretion can also be observed along the landward
side of Crooked Island. Although the absolute elevation is not over 0 m elevation, a 1 m gain in
elevation is observed at the start of the profile. Erosion observed was only seen in a Mexico Beach
profile, and it amounts to roughly the same amount of change at approximately 0.5 m, except as a
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loss in elevation. This only occurred in certain sections of the profile in panel C of Figure 11.,
where sediment is lost along the frontal dune, but it can be seen to have possibly moved offshore
to a sand bar.
Similar to the MBCI section, the NSJ transects, Figure 12. do not indicate severe
morphology change. No substantial amount of elevation change is indicated by the various
comparisons, with the exception of the transect in Panel D in Figure 12. where an elevation gain
of up to 1 m was seen across the entire stretch of the frontal dune line observed. All other changes
are shown in Figure 12. lie within the vertical error of the LiDAR datasets; therefore, this study
cannot confidently address elevation change on this scale.
Figure 13. however, indicates that substantial erosion took place in SSJ. Panels A, B &C,
in particular, shows the frontal dunes were eroded in both elevation and width by ~1.5 m and ~20
m, respectively. In Figure 13. Panels D & E, change in elevation along the frontal dune line are
not consistent with either erosion or accretion; both can be seen along the same profile. Panel F on
the other hand, shows complete erosion of the entire ~900 m dune line, with the highest elevation
change being ~5 m. Erosion in SSJ is far more prevalent than in the previous two sections explored,
and it was observed that areas further south on the peninsula, moving closer to Cape San Blas,
experienced more serve erosion.
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Figure 11. Cross-shore & along shore beach profiles showing induced change from Hurricane Dennis extracted
along Mexico Beach & Crooked Island. The locations of each profile can be found on the map below the graphs.
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Figure 12. Cross-shore & along-shore beach profiles showing induced change from Hurricane Dennis extracted
along Northern St. Joseph Peninsula. The locations of each profile can be found on the map below the graphs.
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Figure 13. Cross-shore & along-shore beach profiles showing induced change from Hurricane Dennis extracted
along Southern St. Joseph Peninsula. The locations of each profile can be found on the map below the graphs.
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4.1.2 Hurricane Dennis Volume Calculation

The volume of sediment found in each section, as well as the volume change induced by
Hurricane Dennis, are reported in Tables 6. & 7. The volume change calculations agree strongly
with the findings of the transect analysis. MBCI and NSJ are found to have had a positive change,
meaning a gain of sediment volume, 12% and 7%, respectively. Whereas SSJ, due to heavy
erosion, reports a negative change amounting to a loss of 12% of its sediment volume. The sum of
the volumes gained is at least one order of magnitude larger than the volume lost. The cut & fill
maps in Figure 14. also show mostly accretion in MBCI and NSJ and mostly erosion in SSJ. Unlike
the volume calculations, the cut and fill generated map show comprehensively the spatial patterns
of volume change experienced in each section.

Table 6. Topographic and bathymetric sediment volumes before and after Hurricane Dennis.

Topographic
Location
Volume (m3)
Pre Mexico Beach & Crooked Is. 4.8E+06
Pre North Saint Joe Pen.
1.8E+07
Pre South Saint Joe Pen.
6.3E+06
Post Mexico Beach & crooked Is. 5.4E+06
Post North Saint Joe Pen.
1.8E+07
Post South Saint Joe Pen.
5.5E+06

3

Error (m )
6.1E+05
1.0E+06
3.7E+05
8.1E+05
1.4E+06
5.0E+05

Bathymetric
Volume (m3)
2.2E+05
9.8E+06
9.3E+04
1.8E+05
8.2E+06
1.0E+05

Error (m3)
3.9E+04
5.3E+05
2.9E+04
4.5E+04
6.6E+05
4.2E+04

Table 7. Total volume change calculated after Hurricane Dennis.

Location

ΔTopographic
Volume (m3)

Mexico Beach & Crooked Is. 5.8E+05
North Saint Joe Pen.
2.6E+05
South Saint Joe Pen.
-7.4E+05

ΔBathymetric
Volume (m3)
3.8E+04
1.6E+06
-1.2E+04
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Δ Total Volume (m3)
6.2E+05
1.9E+06
-7.5E+05

Figure 14. Maps showing the Cut & Fill analysis carried out after Hurricane Dennis. (A) Crooked island & Mexico
Beach, (B) north St. Joseph Peninsula, (C) south St. Joseph Peninsula. In the legend, negative volumes indicate
sediment accretion, and positive volumes indicate erosion.

4.1.3 Hurricane Michael – Transect Analysis

The transect analysis to assess morphology change induced by Hurricane Michael shows a
substantial erosive impact was made by this storm. The MBCI transects shown in Figure 15 all
indicate erosion to varying degrees. Panel A of Figure 15. shows that the entirety of the sub-aerial
sediment was removed, including a 4 m dune, leaving the North-Western portion of Crooked
Island slightly submerged. The profiles in Panels B and C of Figure 15. also show erosion of their
frontal dunes resulting in a ~3-4 m elevation reduction. These sections of beach/dune, although
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heavily eroded, still remained above sea level. The frontal dune line for the MBCI section was also
substantially impacted, as shown in Figure 15. Panel D and E indicate that along the entirety of
these transects, erosion to varying degrees was experienced. Panel D shows the frontal dune line
being completely reduced to 0 m elevation, from a maximum of ~3 m. Panel E had a higher
variation, with a minimum of ~0.5 m erosion seen in certain sections, while others saw a 3.5 m
reduction in elevation, indicating complete dune removal in that location. Panel F on the other
hand, has a consistent elevation reduction of ~1.5 m for the entire roughly 700 m dune line, but it
still stands at 1.5 m NAVD88.
The NSJ beach/dune system better withstood the erosive forces onset by Hurricane Michael
when compared to MBCI. Although, as seen in Figure 1. the center of the storm passed more
directly over Mexico Beach. Figure 16. shows that on the three cross-shore transects (Panels A, B
& C), the frontal dune was eroded but that the dunes lying landward did not experience erosion.
The dune heights were reduced by ~4 m, ~7 m, and ~6 m respectively to transect A, B, and C, and
each was pushed back by approximately 50 m. The erosion of the frontal dune line is also seen
clearly in Panels D, E & F (Figure. 16). in all three locations. Although erosion in this section is
substantial along the frontal dunes, the dune system overall was not compromised by blowouts or
breaching. The wider and taller dune systems in this area are able to better contend with the waves
and storm surge experienced during this hurricane.
Similar to what was seen in NSJ, SSJ experienced erosion of the frontal dune line, but the
dune system remained mostly intact. The frontal dunes in the transects shown in Figure 17. all
show either a reduction in frontal dune height or removal of that dune. Panels B and C demonstrate
the complete erosion of the frontal dune. As seen in NSJ, Figure 17., Panels D, E & F also shows
that across the locations examined in SSJ, the frontal dune line was substantially reduced in
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elevation across the entirety of the extent of the line. In certain locations, elevation losses of up ~6
m were seen, Panel E.
Near the center of the Saint Joseph Peninsula, a barrier breach occurred where an entire
section of the sub-aerial landmass was eroded away. Figure 18. shows the breach through aerial
photography and a transect profile. The breach occurred at the narrowest section of the peninsula,
and despite having a frontal dune height measuring 8 m NAVD88 erosive forces onset by waves
and storm surge managed to breach the peninsula and create an inlet through the island to the Saint
Joseph Bay. This further supports Claudino-Sales et al. (2008), who suggested dune survival is not
solely based on dune height but other factors, including width.
A similar pattern of erosion to that seen on the Saint Joseph Peninsula was also observed
along the coast from Windmark Beach to Port St. Joe, although to a much lesser degree. Frontal
dune erosion whilst present did not exceed 1.5 m, as seen in Panel C of Figure 19. Panels A, and
B of the same figure show erosion of dune height, was ~1 m or less, and that the frontal dune was
pushed landward roughly <20 m. This is echoed in Panel D, Figure 19., as it can be seen that the
frontal dune line is severely reduced but not completely removed and pushed further landward.
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Figure 15. Cross-shore & along shore beach profiles showing induced change from Hurricane Michael extracted
along Mexico Beach & Crooked Island. The locations of each profile can be found on the map below the graphs.
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Figure 16. Cross-shore & along-shore beach profiles showing induced change from Hurricane Michael extracted
along Northern St. Joseph Peninsula. The locations of each profile can be found on the map below the graphs.

50

Figure 17. Cross-shore & along-shore beach profiles showing induced change from Hurricane Michael extracted
along Southern St. Joseph Peninsula. The locations of each profile can be found on the map below the graphs.
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Figure 18. Aerial imagery of breached section of St. Joseph Peninsula. (A) pre-storm imagery (B) post-storm imagery
(C) Cross-shore profile extracted at breach location (D) The location of profile C.

4.1.4 Hurricane Michael - Volume Calculation

Calculated volumes and volume changes caused by the storm are reported in Tables 8. &
9. Every section within the study area experienced overall erosion. Sediment losses of 3%, 10%,
2%, 69%, and 12% were calculated for MBCI, NSJ, SSJ, the breach area, and WB-PSJ,
respectively. Figure 20. shows the Cut & Fill maps generated and a clear pattern of the most
seaward beach/due features being eroded most severely while the landward features seem to gain
sediment volume was observed.

52

Figure 19. Cross-shore & along-shore beach profiles showing induced change from Hurricane Michael extracted
along the protected mainland coast (Windmark Beach to Port St. Joe). The locations of each profile can be found on
the map below the graphs.
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Table 8. Topographic and bathymetric sediment volumes before and after Hurricane Michael.

Location

Topographic
Volume (m3)

Pre Mexico Beach & Crooked Is.
Pre North Saint Joe Pen.
Pre South Saint Joe Pen.
Pre Breach
Pre Windmark Beach - Port St. Joe
Post Mexico Beach & crooked Is.
Post North Saint Joe Pen.
Post South Saint Joe Pen.
Post Breach
Post Windmark Beach - Port St. Joe

1.0E+07
2.3E+07
6.0E+06
2.2E+05
9.8E+05
9.9E+06
2.2E+07
5.9E+06
1.1E+05
9.7E+05

Error (m )

Bathymetric
Volume (m3)

Error (m3)

3.6E+05
4.9E+05
1.2E+05
6.7E+03
3.1E+04
1.4E+06
1.9E+06
5.0E+05
1.9E+04
1.3E+05

3.3E+03
2.5E+03
6.6E+03
1.7E+02
1.1E+04
9.8E+04
4.9E+04
2.1E+04
4.0E+04
1.1E+05

1.0E+03
3.0E+03
1.8E+03
1.7E+02
2.4E+03
4.5E+04
2.8E+04
9.6E+03
8.4E+03
4.3E+04

3

Table 9. Total volume change calculated after Hurricane Michael.

Location

ΔTopographic
Volume (m3)

ΔBathymetric
Volume (m3)

ΔTotal Volume (m3)

Mexico Beach & Crooked Is.
North Saint Joe Pen.
South Saint Joe Pen.
Breach
Windmark - Port St. Joe

-2.0E+05
-4.4E+05
-1.2E+05
-1.1E+05
-1.7E+04

-9.5E+04
-4.7E+04
-1.5E+04
-4.0E+04
-1.0E+05

-3.0E+05
-4.9E+05
-1.4E+05
-1.5E+05
-1.2E+05

54

Figure 20. Maps showing the Cut & Fill analysis carried out after Hurricane Michael. (A) Crooked island & Mexico
Beach, (B) north St. Joseph Peninsula, (C) south St. Joseph Peninsula, (D) the breach, and (E) Windmark to Port St.
Joe. In the legend, negative volumes indicate sediment accretion, and positive volumes indicate erosion.
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4.2 Wave Field Modeling Assessment

4.2.1 Modeled Wave Field

Figures 21. through 25. show the modeled wave fields for each topo/bathy scenario tested
in this study. Each panel A in these figures shows the 95th percentile wave, panel B shows the
average top 5 wave peaks experienced through February 2005 – May 2019, and lastly, panel C
shows the maximum wave. All the wave fields have a consistent scale for significant wave height
and wave speed/direction to compare the results more easily.
Figure 21. shows how the waves interact with present-day conditions of nearshore
morphology. Cape San Blas experiences heavy wave concentration on the headland due to wave
refraction, and thus areas immediately to the east and west of the headland experience more
substantial and frequent wave action. Therefore, the southern portion of the peninsula can be more
susceptible to erosion, something that was observed previously in this study. However, the
complex and shallow bathymetry observed south of the headland can affect incoming waves by
causing wave shoaling and breaking before they have propagated to the shoreline. Noted as well
is the dominant south-westerly wave direction that is present across the study area west of Cape
San Blas. Moving north-westward along the St. Joseph Peninsula, increased wave heights relative
to other predicted waves are observed much closer to the shoreline due to deeper bathymetry. At
the North end, where the orientation of the landmass changes, a noticeable decrease in wave height
is observed, although the model predicts increased water levels on land. Similarly, in Mexico
Beach and its surrounding shoreline, relatively higher wave heights are predicted to propagate to
the shoreline. Wave height values discussed here are relative to the scale of Figures 21. through
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25., 0.25 m to 12.47 m. Modeled wave values at the wave observation stations are reported later
in this section.

Figure 21. Modeled wave field under Scenario 1 erosive conditions. (A) 95th percentile wave, (B) averaged highest
5 wave and (C) maximum wave.
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Current morphologic protection offered by the barrier can also be seen in Figure 21., which
indicates that the mainland shoreline directly behind the barrier is offered substantial protection.
The mainland shoreline referred to previously stretches from Windmark Beach to Port St. Joe. No
waves higher than 25 cm were predicted in close proximity to the shoreline, even under the most
severe maximum wave. It should be noted that this would not be the case during genuine storm
conditions; however, this methodology compares the predictions of the model based on the tested
conditions. Therefore, the comparisons between values are valid, but the value themselves should
not be taken as actual future wave height predictions. Possibly due to wave diffraction, smaller
waves were able to propagate through the inlet opened by Hurricane Michael, but they eventually
dissipated in the bay. Interestingly limited wave diffraction is observed at the north end of the
barrier where the mouth of the bay opens to its maximum width. Again, waves over 25 cm were
not predicted to diffract around the barrier and affect the shoreline. The limited fetch of the bay
can be contributing to higher waves not being able to form.
The modeled wave fields for scenarios 2-5, which represent the simulated erosive
conditions used in the CMS-Wave model, are shown in Figures 22. to 25. and for each
progressively eroded barrier morphology, the resulting wave conditions in the bay and on the
shoreline can be observed. From scenario 2 onwards, under 95th percentile wave conditions, waves
over 25 cm and under 2 m are observed along the shoreline roughly in line with where the
simulated breach has occurred. Under the 2nd and 3rd, more extreme waves modeled, a clear
increase in wave height can be seen in the bay. A more substantial area of the shoreline is also
affected under these conditions due to wave diffraction. Despite the reduced protection offered by
a heavily eroded barrier such as in scenario 4 (Figure 24.), it is not until barrier removal in scenario
5 (Figure. 30.) that ~5 m waves (highest waves observed coming to shore) can be observed
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propagating though the bay unhindered towards the shoreline. This is important as it demonstrates
the capabilities of even a severely eroded and discontinuous barrier to dissipate storm waves.

Figure 22. Modeled wave field under Scenario 2 erosive conditions. (A) 95th percentile wave, (B) averaged highest
5 wave and (C) maximum wave.
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Figure 23. Modeled wave field under Scenario 3 erosive conditions. (A) 95th percentile wave, (B) averaged highest
5 wave and (C) maximum wave.
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Figure 24. Modeled wave field under Scenario 4 erosive conditions. (A) 95th percentile wave, (B) averaged highest
5 wave and (C) maximum wave.
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Figure 25. Modeled wave field under Scenario 5 erosive conditions. (A) 95th percentile wave, (B) averaged highest
5 wave and (C) maximum wave.

4.2.2 Wave Height Evaluation

Tables 10. through 12. report the predicted wave heights from each of the wave observation
stations in the model, as well as the percent increase observed in each scenario compared to
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present-day conditions. Refer to Figure 6. for their geographic locations. Out of the 25 stations, 19 are along the mainland coast near Mexico Beach unprotected by the barrier, and 10-18 are placed
along the mainland coast behind the barrier. The final 7 stations are placed on the seaward side of
the barrier and thus are less germane in assessing its protection, but the results are reported in the
tables.
The 95th percentile wave values reported in Table 10. show that wave heights along the
unprotected mainland shoreline remain unaffected as different scenarios of barrier erosion are
tested. N/A values represent the percent increase at observation stations where no wave height was
predicted in present-day conditions; therefore, calculating the percent increase for simulated
scenarios was not possible. Wave height values for the simulated scenarios are still recorded. In
some cases, wave heights increase; however, the increase is minimal, on the order of centimeters.
Observation stations 8 & 9 show a more substantial percent increase during scenario 5, indicating
a certain amount of protection despite not being located directly behind the barrier. Stations along
the protected mainland shoreline show a general increase progressively for each scenario tested.
The percentages reported are extremely high due to the fact that with present-day morphological
conditions and a site-specific 95th percentile wave, the model does not predict any wave over 2 cm
forming. Thus, as the subsequent scenarios are tested, even minor increases in wave height value
cause the percent increase to rise substantially. The reason for this is likely due to the typical wave
conditions within the study area, which are typically between 25 cm and 150 cm and thus affect
the value of the 95th percentile. The lack of influence that barrier erosion has on the mainland
shoreline in terms of wave height during these conditions is apparent.
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Table 10. 95th percentile significant wave height returns and their percent increase. The percent increase for each
scenario is compared to present-day conditions represented by scenario 1. N/A appears in the table because no wave
height was predicted under scenario 1; therefore, the percent increase cannot be calculated.

Observation
Station
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Significant Wave Height (m)
Scenario Scenario Scenario Scenario Scenario Scenario 2
1
2
3
4
5
% Increase
1.02
1.03
1.03
1.02
1.04
0%
0.81
0.82
0.82
0.83
0.82
1%
0.78
0.76
0.75
0.76
0.77
4%
0.74
0.73
0.74
0.74
0.84
0%
0.75
0.76
0.77
0.76
0.89
1%
0.70
0.71
0.72
0.72
0.87
0%
0.62
0.62
0.65
0.64
0.86
0%
0.38
0.39
0.45
0.45
0.81
3%
0.11
0.15
0.24
0.25
0.66
44%
0.001
0.14
0.20
0.23
0.56
14100%
0.001
0.23
0.32
0.33
0.63
22900%
0.002
0.31
0.34
0.34
0.48
15550%
0.00
0.07
0.07
0.07
0.08
N/A
0.001
0.14
0.14
0.14
0.16
14100%
0.001
0.08
0.08
0.08
0.09
8200%
0.00
0.04
0.04
0.04
0.04
N/A
0.000
0.00
0.00
0.00
0.00
N/A
0.00
0.00
0.00
0.00
0.00
N/A
0.79
1.39
1.39
1.39
1.39
76%
1.35
1.30
1.30
1.29
1.30
4%
1.18
1.20
1.20
1.20
1.20
1%
1.23
1.03
1.03
1.03
1.04
16%
1.06
1.07
0.90
0.90
1.04
0%
0.81
0.82
0.83
0.98
0.99
1%
2%
0.14
0.14
0.31
0.31
0.80

Scenario 3 Scenario 4 Scenario 5
% Increase % Increase % Increase
1%
0%
2%
1%
2%
1%
4%
3%
2%
1%
0%
15%
3%
2%
19%
3%
2%
23%
5%
4%
39%
19%
19%
117%
132%
142%
527%
19900% 22700%
56100%
31400% 32700%
62600%
16850% 16700%
24050%
N/A
N/A
N/A
14200% 14100%
15600%
8200%
8200%
9200%
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
76%
76%
77%
4%
5%
4%
1%
1%
1%
16%
16%
15%
15%
16%
2%
2%
21%
22%
112%
113%
453%

The results for the average highest five waves, in Table 11. follows a similar trend to the
95th percentile. Unprotected shoreline has minimal change until proximity to the barrier decreases.
Wave height increases along the protected shoreline as the scenarios progress but notably, stations
10 - 12 report 1 - 2 m higher waves than stations 13 - 18 despite their close proximity. Bathymetric
depth could be limiting the wave height in the model even with the inclusion of surge. Similarly,
the maximum wave height values reported in Table 12. show the trend of percent increase has
remained consistent while the actual modeled values have increased.
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Table 11. Averaged top 5 peaks, significant wave height returns, and their percent increase. The percent increase for
each scenario is compared to present-day conditions represented by scenario 1.
Significant Wave Height (m)
Observation Scenario Scenario Scenario Scenario Scenario
Station
1
2
3
4
5
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

3.91
3.58
3.69
3.65
3.49
3.39
3.09
2.17
0.87
0.14
0.18
0.18
0.10
0.13
0.10
0.09
0.12
0.14
3.68
3.54
4.18
4.22
4.03
3.69
1.49

3.91
3.56
3.69
3.60
3.48
3.37
3.10
2.22
1.04
0.79
1.09
1.32
0.82
1.03
0.71
0.38
0.15
0.18
4.59
4.34
4.22
4.97
4.03
3.68
1.49

3.91
3.55
3.69
3.62
3.50
3.39
3.16
2.46
1.61
1.06
1.52
1.55
0.82
1.03
0.71
0.38
0.15
0.17
4.58
4.34
4.22
4.97
4.72
3.68
2.13

3.91
3.56
3.69
3.61
3.50
3.40
3.16
2.47
1.64
1.23
1.65
1.55
0.82
1.03
0.71
0.38
0.15
0.18
4.58
4.34
4.22
4.97
4.72
3.97
2.14

3.91
3.56
3.75
3.74
3.65
3.60
3.55
3.50
3.43
3.21
3.19
2.35
0.99
1.13
0.77
0.43
0.15
0.17
4.58
4.34
4.22
5.03
5.07
4.82
4.02

Scenario 2
% Increase
0%
1%
0%
1%
0%
1%
0%
2%
20%
461%
519%
642%
756%
715%
593%
315%
32%
29%
25%
22%
1%
18%
0%
0%
0%

Scenario 3 Scenario 4
% Increase % Increase
0%
1%
0%
1%
0%
0%
2%
14%
85%
658%
761%
768%
756%
717%
596%
316%
27%
24%
25%
22%
1%
18%
17%
0%
43%

0%
0%
0%
1%
0%
0%
2%
14%
89%
776%
838%
769%
751%
717%
594%
314%
32%
29%
25%
22%
1%
18%
17%
8%
43%

Scenario 5
% Increase
0%
0%
2%
2%
5%
6%
15%
61%
294%
2195%
1715%
1220%
935%
796%
655%
371%
27%
24%
25%
22%
1%
19%
26%
31%
170%

After testing the three statistical waves under the various erosive conditions, the wave
height returns generated by the model illustrate how the barrier protects the bay from waves that
can potentially be up to 5 m high and on the seaward side. Under present morphologic conditions,
no waves over 1 m were predicted by the model to occur in the bay or along its mainland coast.
However, the scenario 2 results indicate that once a breach, albeit a substantial one compared to
the Hurricane Michael breach, has occurred, or exists the wave heights to be expected in the bay
increases by at least 300% according to the model. It should be noted that under the 95th percentile
wave conditions, the actual value of height increase was minimal due to that percentile wave not
being substantially different from average conditions for the area. Under the more extreme wave
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conditions tested, the increase is more noticeable and can potentially cause adverse effects on the
shoreline.

Table 12. Maximum wave significant wave height returns and their percent increase. The percent increase for each
scenario is compared to present-day conditions represented by scenario 1.

66

4.3 Coastal Flood Risk Assessment

4.3.1 Risk Assessment Maps

The weighted overlay map shown in Figure 26. highlights areas that carry different levels
of risk based on the input criteria. Most notably, some of the coastal areas of Port St. Joe are
highlighted as being the most at risk. All six tested criteria are met in these locations as they are
highly populous, prone to flood, and within close proximity of critical facilities and evacuation
routes. Along the inland parts of Port St. Joe, a risk classification of 4 is calculated. The drop in
risk is likely due to the distance from the shoreline increasing; therefore, the likelihood of flooding
decreases. Other areas classified with the same rank are the eastern section of Cape San Blas and
a smaller southern section of Mexico Beach. These locations, although they are highly likely to
flood, do not have as high a population or as many critical facilities at risk. Moderate and Minor
risk areas, ranks 3 & 2, are also identified, most notably along the southern portion of the St. Joseph
Peninsula and Mexico Beach. A similar reason for the drop in risk, as was seen in Port St. Joe and
Cape San Blas, is likely in these areas. Total populations for these locations are lower, and the
number of critical facilities is drastically lower. Also, in terms of the likelihood to flood, ground
surface elevation is a major factor, so if the communities in these areas are built on the dune fields,
flood risk decreases with increased elevation. This is true of many of the communities that exist
on the St. Joseph Peninsula.
Figure 27. shows the second weighted overlay map generated, which seeks to highlight
areas that would carry much more risk than previously estimated if severe erosion of the barrier
takes place, as was modeled previously in this study. As seen with the first overlay map, Port St.
Joe is marked again as the area with the highest potential risk. Based on the results of the wave
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model, the highlighted areas on the map are highly likely to experience high waves with increased
water levels without the protection of the barrier. As such, ranks of 4 and 5 dominate the Port St.
Joe shoreline, as well as sections of Mexico Beach. A large portion of the generated overlay map
is classified as moderate risk, rank 3, ranging from Mexico Beach to inland areas of Port St. Joe
as well as east of Cape San Blas. The change in coverage in Figure 27. should not be interpreted
as the total area of risk decreasing when compared to Figure 26. The first map shows a more
comprehensive risk assessment coverage, while the second map intends to focus on the influence
of waves. But by adding another layer to the overlay function, only areas that contain all criteria
can rank highly on the scale. This is the reason some areas may be classified as less at risk, not
because they have become so, but because of the additional criteria. Therefore, if a location is
identified on both maps, that means that it is currently at risk based on the criteria used and will
be at even more risk should erosion overcome the protective barrier.

Figure 26. Risk assessment weighted overlay map.
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Figure 27. Risk assessment weighted overlay map incorporating worst-case wave increase.

4.3.2 Facility to Shoreline Proximity and Road Elevation

Tables 13. and 14. provide summarizing information on distance to the shoreline from
critical facilities and road surface elevations, respectively. The total number of facilities that are
located within a certain distance of the shoreline gives context that may not be obtained from the
overlay maps. In both cases, a large number of critical and secondary critical facilities lie further
than 5 km away from the shoreline. While in both cases, again, the slight majority of facilities are
between 250 m and 2 km away from the shoreline. Only one facility from either category is located
any closer than that, somewhere between 100 m and 250 m. (See Table 13.)
Minimum, maximum, average, and standard deviation of road surface elevation is reported
in Table. 14. The roads for which these statistics are taken are the two secondary evacuation routes
identified for the study area, SR 30-E & US Highway 98, and the coastal section of county
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identified evacuation route. This stretch runs along the bay shoreline from Cape San Blas all the
way to Mexico Beach. These heights are in reference to NAVD88 (m) and are meant to put into
perspective how much of these essential roads may be at risk of being submerged by waves and
surge. The average elevations for SR 30-E and the coastal section are both between 2 m and 3 m
elevation, while US Highway 98 is on average almost 2 m higher at 4.85 m. Recorded water levels
during storms must be considered when engineering these stretches of road to ensure they are
above a safe elevation or are protected by some form of hard-engineering structure.

Table 13. A Summary of the number of critical and secondarily critical facilities grouped by proximity to the
shoreline.

Distance from Shoreline (m)
< 100
100 - 250
250 - 500
500 - 1000
1000 - 2000
2000 - 3000
3000 - 4000
4000 - 5000
> 5000

Critical Facilities
0
0
7
3
7
0
0
0
16

Secondary Critical Facilities
0
1
3
6
10
1
0
0
16

Table 14. Summary statistics of road surface elevations along evacuation and secondary evacuation routes.

Road Surface Elevation referenced to NAVD88 (meters)

Minimum
Maximum
Average
SD (σ)

Evacuation Route
(Coastal Section)
-0.24
11.00
2.45
1.08

Secondary Evacuation
Route (US Highway 98)
3.20
6.76
4.85
1.05
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Secondary Evacuation
Route (SR 30-E)
1.11
5.83
2.96
1.26

5. Discussion

The research questions driving this study are stated again as such, 1) How much
morphological change on the island/peninsula system can be expected from major storms? 2) If
the barrier has been heavily eroded and storm-driven waves propagate to shore, how much less
protection can be expected on the mainland? 3) What areas are at the highest risk if affected by
flooding and inundation within the urban areas when higher waves break on the coast?
In this section, the research questions will be answered, and their implications discussed. The
discussion section also follows the same general scheme of organization found in the methods
and results.

5.1 Hurricane Morphology Impact Assessment

5.1.1 Differences in Impact

The differences in morphological impact Hurricanes Dennis and Michael had on the areas
studied is stark. Hurricane Dennis was not able to induce the overall amount of change that was
observed after Hurricane Michael. This can be attributed to a number of factors, including the size
of the storm and the distance from the shoreline. Hurricane Dennis did not exceed a category 4 on
the Saffir Simpson scale, whereas Hurricane Michael was a category 5 when landfall occurred.
Hurricane Dennis also made landfall ~150 km from the western edge of the study area, while
Hurricane Michael made landfall only ~20 km from the same edge. That, of course, means the
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intensity and duration of the hurricane’s effects were greatly increased. As such, more substantial
and widespread erosion was observed after Hurricane Michael, more elevation reduction in the
beach/dune system, a more severe landward shift in the frontal dune line, and more overall
sediment volume depleted from the system. However, despite Hurricane Dennis being less
impactful overall, it was still able to generate substantial erosion in certain areas that Michael did
not. South St. Joseph Peninsula being one of those locations, Dennis eroded over seven hundred
thousand cubic meters of sediment from SSJ, which is almost five times as much sediment as
Michael did in that specific area. This gives an idea of what can be expected when storms of this
magnitude are close to or within the study area. If the storm track is directly in the study area, like
Michael, more consistent overall impacts across the study area can be expected. If the storm is
moving outside the area but is of a large enough size, certain erosion-prone areas can still be
affected severely.
Another crucial factor to consider is the quality and coverage of the LiDAR data. The
various differences in quality have already been mentioned, but the effect that that could have on
assessing morphology change can be critical. The larger point density and subsequent lower
resolution of the interpolated DEMs used in the Hurricane Dennis assessment mean that many of
the beach/dune features may not be as closely representative of what the actual ground surface
was. It is possible then that some peaks and troughs on the ground surface were not captured and
could be misrepresented in the DEMs. The LiDAR used to assess the changes from Hurricane
Michael have smaller point densities and a higher DEM resolution that is more likely to capture
all of the beach/dune features and thus makes the analyses more reliable.
The coverage offered by the LiDAR is also a major factor to consider when using that type
of data for these analyses. At the moment, no state or federal agency that this study is aware of
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flies LiDAR immediately before a storm impacts an area; rather, LiDAR is flown only after the
storm. This means that studies like this one and others mentioned in this study (Claudino-Sales et
al., 2010; Eisemann et al., 2018; Houser et al., 2008; Otvos & Carter, 2008; Priestas & Fagherazzi,
2010; Wang et al., 2020) must rely on older LiDAR datasets to represent conditions prior to the
storm. In many cases, this could be years before, or the data may be recent enough but flown for a
different purpose. If the latter is the case, it is possible that an emphasis on capturing the nearshore
and offshore bathymetry could be missing. The LiDAR capturing mission plays a major role in
what types of environments get mapped. The 2017 LiDAR dataset used in this study was not flown
for the purpose of storm impact assessment and, as such, does not extensively map the nearshore
and offshore. The datasets used to assess Hurricane Dennis suffered from the same issue except
that these areas were not extensively mapped due to technological limitations; a strong laser is
needed to be able to penetrate deeper water and provide reliable returns. The prevalence of this
issue can be seen in the transect analysis, as often the coverage for the pre-storm conditions ends
before the post-storm. This also became an issue during the volume change calculations carried
out because the coverages must overlap exactly in order to produce reliable results. Therefore,
even if one dataset extends further than the other, volume change cannot be accurately measured.
This resulted in the bathymetric volumes being relatively small, and a substantial volume of
sediment change unable to be quantified in this study.

5.1.2 Observed Trends

A commonality between both hurricanes is the substantial erosion of Cape San Blas and
the southern portion of the Saint Joseph Peninsula. The protruding headland located at the Southern
end of the peninsula appears to cause storm-induced waves to refract and focus their energy on the
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western portion of the headland along the beaches (Wang et al., 2020). Despite the distance at
which Hurricane Dennis passed the study area and the severity of the erosion, this indicates this
region has the potential to erode more easily than other areas. This is particularly concerning for
the coastal community that has developed along the coast of SSJ. Many of the communities are
built immediately behind the frontal dune line, which will act as protection until those dunes
become heavily eroded, leaving the buildings exposed and unprotected. In contrast to NSJ, where
the rest of the dune system is unaltered, and the frontal dune is not the only deterrent. This can
affect how susceptible an area can be to future storms.
It was noted that the calculated volume of sediment eroded by Hurricane Michael seemed
to differ from what was seen in the transect analysis. Initial expectations were that the storm would
have eroded a much higher percentage of the total sediment volume. However, as previously
stated, the volume change calculations only report the volume of sediment that has entered or left
the system, i.e., the coverage of the DEM. The calculations are not able to provide insight into how
sediment moves within the system.
Sediment redistribution is a feasible reason that the percentages of sediment volume loss
may seem low. This stresses the benefit of observing the spatial patterns of erosion and accretion
using Figures 14. and 20., which tells us that although a substantial amount of sediment was eroded
from the ocean-facing beach/dune system, much of it was redeposited further landward rather than
being transported offshore. These landward deposits can be seen in the form of overwash lobes.
A notable finding from this analysis is the protection provided to the mainland coast by the
barrier island/peninsula. Along the coast between WB-PSJ, minimal erosion was observed when
compared to other locations in close proximity. MBCI <2 km to the northwest does not lie behind
the barrier, thus unprotected, experienced more severe erosion. MBCI had dunes reduced in
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elevation by double what was observed along WB-PSJ, although MBCI was closer to the center
of the hurricane. Along the same latitude but on the seaward side of NSJ, erosion up to four times
worse was observed. It can be concluded that in this location, the barrier endured most of the
erosion onset by the storm while protecting the mainland coast lying directly behind it. Other
sections of mainland coastline south of Port St. Joe were not able to be studied due to the absence
of beach/dune environments.

5.1.3 LiDAR Improvements

As airborne LiDAR becomes more popular in the mapping of coastal environments, a
future direction that would greatly improve the ability to assess storm-induced changes would be
to have more frequent data collection. It was previously mentioned that the pre-storm LiDAR
datasets are not directly for the purpose of assessing conditions prior to storm events, and the
availability or purpose of these datasets can make them less reliable. Having a yearly pre-storm
data collection mission before the beginning of the Atlantic Hurricane Season could provide
necessary datasets for consistent comparison.

5.2 Wave Field Modeling Assessment

5.2.1 Modeled Wave Impacts

The findings of this section determine that as barrier island/peninsula erosion increases, the
wave height on the protected shoreline also increases. The degree to which this occurs is dependent
on the wave conditions and the level of erosion. An interesting result is that even under 95th
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percentile wave conditions for all conditions of erosion tested, wave heights do not increase in
actual value to over 1 m in the bay. Increases were observed, but the wave height values were not
greater than typical wave heights for this study area. According to the WWIII data used in this
study, the average wave height in the study area is ~0.70 m. This indicates that the effectivity of a
barrier system is best observed under only the more extreme wave conditions. Under all other wave
conditions that the study area is exposed to, with or without the barrier being present, a serious
destructive threat is not posed to the natural beach environment or the communities living there. It
can be likely, though, that under typical conditions, the effects of long-term sediment transport can
erode certain areas leaving them susceptible to further erosion and risk of flooding. However, this
study focuses on short-term effects typically from extreme events and what effects that can have
on the coastal environment.
The latter two waves tested are more capable of illustrating extreme conditions that can be
experienced in the study area. Outside of the bay, wave heights well over typical are predicted to
occur, which can yield severe erosion, as was seen in the hurricane impact section of this study.
Notably, though, an emerging pattern of wave height returns in the bay being relatively similar, or
with a slight increase, between scenarios 2-4 and then a noticeable increase in scenario 5. The final
increase is expected as the barrier is completely removed from the bathymetry of the model.
However, from scenarios 2 to 4, an additional major breach is simulated, yet the wave height
returns do not get drastically higher. This suggests that perhaps there is not a linear trend between
the severity of erosion and wave height returns behind the barrier. It is possible that there is a
threshold in which the existence of a certain sized breach allows storm-induced waves to propagate
across the bay, and any further breaching does not increase the wave heights until complete
removal occurs. A possible explanation could be given that a breach maintains a certain width and
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depth, storm waves for these areas are able to propagate unhindered through the barrier and into
the bay where wave diffraction, in essence, spreads the waves and increases the amount of
coastline that can be affected. In the cases where the waves increase minimally in-between
scenarios 2-4, waves becoming superimposed and constructively interfering can likely be the cause
for the increase in wave height (amplitude). If the waves propagating in from the different
simulated breaches are in phase with each other, then the amplitude or wave height will increase.
This is not an alternative explanation but rather works in tandem with the breach threshold to
explain no or minimal increases observed despite more severe simulated erosion.
In the cases where extreme storm waves propagate toward the mainland shoreline in the
bay, the effects can be assumed to be as severe as the effects of Hurricane Dennis and Michael
seen previously. These effects include severe erosion of the shoreline position by several meters,
erosion of the foredune, which can act as a deterrent to waves and flooding of landward areas. The
Mexico Beach and St. Joseph Peninsula shorelines act as a proxy for storm impacts, which can be
expected on the bay shoreline should the barrier be compromised. These effects would be
detrimental to the population and infrastructure as much of it is built along the coast, which has
substantially reduced beach width in many areas and, in some cases, no beach when compared to
surrounding areas. This highlights the importance of including the intermediate scenarios of
erosion before removing the barrier completely, like List & Hansen (1992) & Ulm et al. (2016).
With this methodology, although some aspects can be deemed subjective, inferences can be made
about the severity of erosion needed before the barrier protection is no longer effective. In other
words, at what point does an eroding barrier cease to protect the shoreline lying behind it to such
a degree that complete erosion scarcely affects the resulting wave heights. The results suggest that
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a single substantial breach could, in certain areas, facilitate wave conditions in the bay that are not
substantially different under a complete erosion scenario.
Due to the distribution of communities and infrastructure within the study area, some
interesting points can be raised about where critical erosion is most disadvantageous. Along the
majority of the bay mainland shoreline, Mexico Beach and South St. Joseph Peninsula beach
communities exist and are typically located along the backbeach or behind the most seaward dune.
For these areas, the erosion of shoreline position and frontal dunes are undesirable due to the
immediate proximity of properties to potential direct contact with waves and flooding. Previously
in this study, the LiDAR surveys showed the extensive erosion of Mexico Beach and the southern
end of the St. Joseph Peninsula during Hurricane Michael. Local beach communities underwent
extensive damages due to the erosion of the beach and dune environments. Meanwhile, the bay
shoreline, which was protected by the barrier, experienced far less extensive or threatening erosion.
Although this is a fairly straightforward outcome, the results from the modeling section of this
study imply that even an area of the barrier that is pristine and thus not deemed as being a threat,
if breached, could cause the bayside shoreline to experience higher waves. Therefore, efforts to
preserve the natural environment in order to dissipate storm effects should not only be focused on
the developed areas but, in this case, also on the undeveloped sections of the barrier. Maintaining
the connectivity of the barrier, as this study has shown, will reduce wave heights substantially
within the bay, even during extreme storm conditions.

5.2.2 Nourishment Efforts

Current efforts by Gulf County to maintain the natural environments through beach
nourishment and dune restoration are currently taking place and will continue through 2021 using
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funding from FEMA(Gulf County, 2021b). The general areas receiving sediment are the southern
portion of the St. Joseph Peninsula and the Beacon Hill/St. Joe Beach area which is located
southeast of Mexico Beach. A nourishment effort also took place in 2019, which was focused on
the southern St. Joseph Peninsula. This is to be expected, as previously mentioned, these areas
have developed beach communities, and protecting these areas is a priority for the county. On the
other hand, the findings of this study suggest that maintaining the connectivity of the barrier as a
whole in order to prevent breaching will result in continual protection for the populated shoreline
in the bay. Undeveloped areas, primarily the northern end of the barrier, should be monitored as
well and action taken to ensure island width and height are not diminished to the point that island
breaching becomes more probable.

5.2.3 Model Improvements

Future improvements to the model would be to integrate wind data, including speed,
direction, and duration, during the runs. Wind is a major factor during extreme storms and is
responsible for creating ocean waves. The inclusion of this data could influence the potential model
outputs in terms of overall significant wave height but also the direction that the modeled waves
propagate towards the shoreline. Measured long-term wind data was not available for the entirety
of the study area; however, similarly to the technique used to extract wave data, available wind
data could be extracted from a global model and used to improve this model’s results.
Further testing could be carried out to ascertain whether the connectivity of the barrier has
a linear relationship with the modeled wave heights. The results from this study initially indicate
that along unprotected shorelines, the trend appears linear; however, on the protected shorelines
behind the barrier, this was not seemingly the case. Although these implications were discussed
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previously in this study, there were not enough data points to definitively determine the trend.
Only five scenarios were tested; thus, only initial speculations can be made. Figure 28. shows a
graph with the wave heights modeled at two representative observation points over the five
scenarios tested. Station 1 is along the unprotected shoreline, and Station 10 is along the protected
shoreline. A linear trend line was applied to the points, and the resulting R2 value recorded. The
R2 values for all the other observation stations were also computed for comparison. Some of the
stations follow a strong linear trend; however, many of the points, especially on the protected
shoreline, do not. This indicates that there may be other controlling factors between barrier
connectivity and wave height. In order to trust these initial speculations, a much more rigorous
set of scenarios would need to be tested, which would yield more data points to make a better
analysis of the data’s trend.

Figure 28. Graph showing sample plots of observation station wave height returns through each simulated erosive
scenario. Station 1 is unprotected by the barrier, while Station 10 is protected. The table (Right) shows are all R2
values for each wave observation station.
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Another facet of this study that could be explored by future research would be to use a
modeling suite that includes morphology modeling based on interaction with waves and currents.
With these capabilities, it could be modeled where and how severe erosion could occur given
certain wave parameters. This would allow for the identification of vulnerable areas with a greater
degree of confidence. One more way to better attempt to integrate morphology change into the
model would be to use results from the morphology assessment conducted in section one. This
study opted to use the current literature understanding of barrier island breaching to choose
locations for the simulated breaches within the model bathymetry. However, for future studies, it
would be viable to explore the possibility of using LiDAR data to assess erosion to better ascertain
areas more likely to breach in the future, which can be used for potential wave modeling. A
systematic approach could be to acquire multiple equally spaced cross-shore and along-shore
profiles for a given area where ideally, island width is relatively narrow. Then the degree to which
the shoreline and dune line has retreated, as well as the dune height elevation reduced, can be
ascertained and used to gauge whether this location is likely to be breached during an extreme
event. This approach ideally would be applied to multiple locations so that a relative comparison
can be made between possible locations. That way, only the areas with the most severe overall
erosion observed will be categorized as likely to breach. This scheme would have been a way to
narrow that gap between the separate sections of this study. However, such a detailed systematic
approach was not implemented in this study for the potential breaching locations specifically.
Although, some of the simulated breaches used in the model coincide with the locations of a few
of the transects used in section one. In one such location, island width was reduced by ~30 m, dune
field width was reduced by ~15 m, but no dune elevation reduction was observed. This location
based on the transect profile may not be deemed likely to breach, especially when compared to
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other locations like the area that was breached during Hurricane Michael. In that location, the
barrier’s width was reduced from over 120 m to zero, and the dune elevation was reduced from 8
m down to sea level. Again, the transect locations in this study were not chosen to determine the
likelihood to breach and, as such, cannot effectively gauge this, but for future studies implementing
a scheme similar to what was described above could yield feasible results.

5.3 Coastal Flood Risk Assessment

5.3.1 The Overlay Maps

Outcomes of the weighted overlay are, for the most part, as expected. The communities
that are close to the shoreline carry a high innate risk of flooding based on proximity and low lying
elevation. However, the analysis is able to go further and include extra conditions that can increase
or decrease the risk. For example, in Figure 26. it can be seen that Port St. Joe, for the most part,
carries significant risk (rank 4) while the areas closer to the shoreline are classified at the highest
rank. The factors that push the risk so high are the high population and multiple critical facilities.
This does not increase the likelihood to flood but informs the map reader that these areas carry a
risk of flooding and a high risk of damage to the population and critical infrastructure (including
both critical facilities and roads for evacuation) should it be flooded. In contrast, Mexico Beach is
not identified as being at as high a risk as Port St. Joe due to the majority of the development being
residential. Thus, the lack of critical facilities, and to some extent, a smaller population lowers the
overall risk.
Other communities within the study area follow a similar trend. The smaller, more heavily
residential communities (surrounding Cape San Blas) are not being identified as higher risk
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because they lack a higher total population and do not have as many critical facilities in close
proximity.
The second map (Figure 27.), similarly to the first, does not provide a large amount of highrisk coverage. The limiting spatial factor, in this case, is the model results being incorporated into
the overlay calculation. Storm waters can only penetrate the land to a certain degree, although
based on the area’s history with storms, the estimate used is assumed to be on the upper scale.
Nonetheless, the resulting coverage is focused along the coastline and identifies areas that are in
danger of flooding based on future erosion of the barrier. The result of the overlay still includes
the parameters from the first analysis and thus also incorporates other relevant factors when
assigning the risk classifications.

5.3.2 Facility to Shoreline Proximity and Road Elevation

Table 13. tells us that in terms of critical and secondary critical facilities, many are already
located a reasonable distance from the shoreline. Thus, reducing the possible effects from storm
waves and surge damage.
The road surface elevation analysis is vitally important in coastal communities, especially
when the roads are used for evacuation or are the only roads leading in and out. If the roads are
submerged by stormwater, then they are rendered useless for residents trying to leave or for
emergency response trying to enter an area. Thus, the primary consideration in ensuring that roads
remain open is the elevation at which they stand. It is acknowledged that there are circumstances
such as road scouring that can cause roads to become inoperable even if the water level is not
above the surface. However, this is dependent on the specific engineering nuances of each road.
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Table 14. provides elevation statistics for the three sections of road identified in this study as
necessary for evacuation. For all three roads, the minimum and average measurements are below
the maximum measured storm surge experienced in Mexico Beach due to Hurricane Michael. This
is only mentioned to put the elevation measurements into perspective. Other unknown factors such
as distance to the shoreline and distance from the storm are not considered. Despite the maximum
elevations being higher than the maximum surge, this is rendered unimportant unless the elevation
is consistent. Meaning that only the lowest part of the road needs to fail for the rest of the road to
be unusable. The standard deviations also indicate that the measurements are fairly well clustered
around the mean, and thus can be assumed that most of the road elevations lie within elevations
that can conceivably be submerged during a major storm.
An example of this issue persisting was during Hurricane Michael, as identified in the
coastal impact report assembled by the Florida Department of Environmental Protection, a large
section of the SR 30-E road was damaged by the storm (Clark et al., 2019). Figure 29. shows the
resulting storm damage sustained by the road, yielding it unusable. This scene was photographed
immediately after the storm by Clark et al. (2019). Note that even the riprap coastal armoring was
not enough to protect the road from the increased water level and wave action brought on by the
storm.
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Figure 29. Destroyed section of SR 30-E after Hurricane Michael. Image obtained by the FDEP during pos storm
impact assessment.

5.3.3 Prioritizing Overlay Parameters

Identifying flood-prone areas solely based on physical characteristics of the environment
will yield results with little perspective in terms of risk. Areas that flood naturally but have no
population or infrastructure in the immediate vicinity are less pertinent. Hence, the risk coverage
offered by the risk map (Figure 26.) is focused on areas that are populated in order to supply
governing authorities with a risk assessment that is relevant to their population’s needs. Due to the
spread of the communities within the study area, the coverage appears to be localized to certain
areas, which is perhaps abnormal but does not compromise the aim of the map—having a
continuous layer of population density would have produced a more continuous coverage on the
map but would be misleading due to population density being inconsistent. The approach used
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places emphasis on the communities themselves. One possible downside, however, arises when
the ranking system is implemented. Assigning a level of risk based on the number of people living
in an area should not be confused with the idea that certain communities are less important than
others but rather allows authorities to prioritize the amount of aid that may be needed or the ease
at which a population can be evacuated.
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6. Conclusions

The application of multi-year LiDAR data for evaluating post-storm morphological
impacts has provided a comprehensive assessment of the effects extreme storms can have on
barrier systems and their protected coasts in the northern Gulf of Mexico. Despite the fact that
Hurricane Dennis was more distant from the study area, along the protruding headland of Cape
San Blas, substantial beach/dune erosion was observed. Dune height, connectivity, and beach
width were all reduced. Other locations within the study area were not as negatively impacted. On
the other hand, Hurricane Michael made landfall in Mexico Beach and impacted the study area
more severely and consistently. Most areas had beach/dune elevation reduced by several meters,
up to ~6 m. In extreme cases, the barrier was breached completely, and over a million cubic meters
of sediment were removed from all beach/dune areas studied.
Nearshore wave modeling clearly demonstrates the protective capabilities of the barrier
peninsula under all tested wave conditions. Protection became more evident as the simulated
erosive scenarios were tested in the model. Increases in significant wave height of, at minimum
300%, were predicted to occur along the protected mainland shoreline that otherwise had no impact
from waves. While over a 2500% increase was predicted at certain locations when the barrier was
completely removed. Maintaining barrier connectivity has considerable implications for the
protected shoreline and its communities should undeveloped sections of the barrier become
severely eroded and or breached.
Generating maps that can identify high and low-risk areas is crucial for hazard-prone
coastal areas such as this. Emphasizing the protection of the population and essential infrastructure
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is needed for post-storm recovery is key. High-risk areas such as Port St. Joe benefit from the
barrier protection and maintaining that morphology will continue to be advantageous.
Incorporating wave conditions for future barrier erosion provided a useful way to map areas even
further at risk should extreme storm waves propagate into the bay and break on the shoreline.
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